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(54) SUPERCRITICAL DRYING EQUIPMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable uniform cleaning, 
etching, development and drying processing with a 
supercritical liquid in the same reaction bath, by 
connecting a supercritical liquid supply unit with a 
stirring reaction bath and carrying out supercritical 
drying in the same bath. 

SOLUTION: When an etching solution and a developer 
solution are introduced from a liquid tank 6 into a 
reaction bath 1 for setting a substrate 7 after cleaning, 
the inner liquid is prevented from staying at a particular 
part by a rotating mechanism 10, and uniform cleaning 
and development can be carried out. After a rinse 
solution is introduced from the liquid tank 6 and rinse 
processing is carried out, a supercritical liquid is fed 
from a gas cylinder 3 while the rinse solution is emitted. 
Thus, the rinse solution is replaced by the supercritical 
liquid. The supercritical liquid can be adjusted by 
compressing liquid carbon dioxide filled in the gas 
cylinder 3 and heating the compressed liquid carbon 
dioxide by a heater 5. After the liquid carbon dioxide is introduced and sufficiently replaces the 
rinse solution, the inside of the reaction bath 1 is heated to 31.4° C or higher and the internal 
pressure is set at 70 atm. Thus, the carbon dioxide falls into a critical state. After that, the gas 
is emitted. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The super-criticality dryer characterized by providing the following The reaction vessel 
which holds a substrate The liquid tank which stores a medical fluid The super-criticality liquid 
feeder which supplies a super-criticality liquid to the aforementioned reaction vessel A churning 
means to agitate at least one medical fluid introduction means to be prepared in the 
aforementioned reaction vessel and to introduce the medical fluid from the aforementioned liquid 
tank, the eccrisis means of a medical fluid prepared in the aforementioned reaction vessel, the 
exhaust port of the aforementioned super-criticality liquid, and the liquid of the aforementioned 
reaction vessel 

[Claim 2] The aforementioned churning means is a super-criticality dryer according to claim 1 
characterized by the thing of a rotation means to rotate an impeller within the aforementioned 
reaction vessel, or a rotation means to rotate the aforementioned semiconductor substrate for 
which it has either at least. 

[Claim 3] The aforementioned churning means is a super-criticality dryer according to claim 1 
characterized by having the rocking mechanism in which the aforementioned reaction vessel 
itself is made to rock at least 

[Claim 4] The aforementioned churning means is a super-criticality dryer according to claim 1 
characterized by having an ultrasonic-cleaning mechanism by the ultrasonic vibrator. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the dryer used for the 
dryness in the development process for forming washing of a semiconductor substrate, etching, 
or a detailed pattern. 
[0002] 

[Description of the Prior Art] Detailed-ization of the pattern in LSI manufacture comes to be 
notably promoted with large-scale-izing of MOSLSI in recent years, and formation of a detailed 
pattern whose width of face cuts 100nm comes to be possible recently. For this reason, a large, 
the aspect ratio of a pattern, i.e., the proportion of height opposite width of face, pattern comes 
to form. 

[0003] Such pattern formation is made through each process of washing -> rinse washing 
(rinsing) -> dryness after construction of etching, and, on the other hand, also in the ** resist 
pattern by masking processing of a substrate, the aspect ratio is high inevitably. Molecular 
weight and the molecular structure change with exposure, and a resist is a macromolecule thin 
film patternized by the dissolution-rate difference of the exposure section and the unexposed 
section by being immersed in a developer as the result. Also in this case, dryness is performed 
through processing by the rinse after development. 

[0004] The phenomenon of the failure by the pattern is seen as a big trouble at the time of the 
dryness in this detailed pattern formation. It is based on the bending force 16 which acts on a 
pattern 13 by the pressure differential with the air 15 of the rinse 14 which remained between 
the pattern 13 and the pattern 13 at the time of dryness of a substrate as it was the 
phenomenon of appearing much more notably by the pattern 13 which arises with dryness of a 
rinse as this shows drawing 4 , and has an especially high aspect ratio and was theoretically 
shown in drawing 5 , and the exterior. 

[0005] Depending for the size of this bending force 16 on the surface tension of a rinse 14 is 
reported (an applied physics letter, 66 volumes, 2655 pages - 2657 pages). And since this 
bending force 16 not only topples the resist pattern 13, but has the force to the extent that 
distortion is also given to pattern 13 the very thing, such as silicon, it is important for the 
problem of the surface tension of this rinse 13. 

[0006] What is necessary is just to dry solution of this problem using a rinse with small surface 
tension. For example, although the surface tension of water is about 72 dyn/cm, in a methanol, it 
becomes about 23 dyn/cm and the direction dried after carrying out methanol substitution of the 
water rather than the dryness from water can suppress the falling grade small, furthermore, 
since surface tension will exist even if it makes it small, although it is effective to use perphloro 
carbon with the surface tension of 20 or less dyn/cm, and some effect is in the falling reduction, 
the solution in question becomes possible, when surface tension uses use of the rinse of zero, 
i.e., a super-criticality liquid, in order not to become but to solve a surface tension problem 
fundamentally — it is a thing 

[0007] Although a super-criticality liquid has the solvent power which is equal to a liquid, surface 
tension and viscosity show the property near a gas. Therefore, if it dries by the super-critical 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgi_ejje 



2003/12/19 



2/3 ^— v 



state, the influence of surface tension can be disregarded, PA evening-N will fall, and a 
phenomenon will be produced at all. Generally, while a carbon dioxide has the low critical point 
(7.3MPa, 304K), since it is chemically stable, using for dryness of the sample for organism sample 
observation as a super-criticality liquid is known. 
[0008] 

[Problem(s) to be Solved by the Invention] It is more more effective to carry out at least, 
replacing washing, etching, development, and the liquid that used from a rinse to the dryness 
with a super-criticality liquid at the last process within the same medical fluid tub further, when 
using such a super-criticality liquid for the development process of washing of a semiconductor 
substrate, etching, and a resist pattern. The reason is that it can prevent drying at the time of 
movement to each medical fluid tub at the time of processing by the separate medical fluid tub. 
[0009] However, although it was required to **** a medical fluid in order to have performed 
washing and the development efficiently, the churning function was not attached to the super- 
criticality dryer aiming at originally drying, without giving a damage to an organism sample as 
much as possible at all. Therefore, although super-criticality dryness was completed when the 
conventional super-criticality dryer was diverted to processing of a semiconductor, it had the 
trouble that neither washing nor processing called development could be performed uniformly. In 
this invention, if the equipment for performing each process of uniform washing, etching, and 
development and dryness down stream processing with a super-criticality liquid by the reaction- 
of-identity tub is offered and it says still more directly, it aims at offering the super-criticality 
dryer of the semiconductor substrate which has a churning function. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, this invention 
tends to offer the high-pressure processor of the semiconductor substrate which has a churning 
function. That is, as a means to agitate, (1) liquid (a penetrant remover, an etching reagent, a 
developer, or rinse) or a substrate is agitated directly. 

[0011] (2) Agitate a liquid indirectly by rotating or rocking the reaction vessel itself. 
[0012] (3) Agitate a liquid using supersonic oscillation. 

[0013] By the above-mentioned churning means, since uniform and smooth washing, etching, 
development, and rinse processing can be performed, a good pattern can be offered. 
Furthermore, formation of the falling detailed pattern which is not is attained by performing 
super-criticality dryness within the same tub. 
[0014] 

[Embodiments of the Invention] The gestalt of operation of this invention is explained based on a 
drawing. 

<Gestalt 1 of operation> Drawing 1 is drawing showing the gestalt 1 of operation of the super- 
criticality dryer of this invention. The gestalt of this operation is equipment based on the above 
(1). The substrate 7 of a processing object is held in the reaction vessel 1, and the liquid tank 6 
which supplies a penetrant remover, an etching reagent, a developer, or a rinse, and the super- 
criticality liquid feeder 2 are arranged in the upper part of a reaction vessel 1. The super- 
criticality liquid feeder 2 is equipped with the chemical cylinder 3 which stores a super-criticality 
liquid, a compressor 4, and a heater 5. Although it has rolling-mechanism 10a which has an 
impeller for agitating a liquid, and rolling-mechanism 10b which rotates a substrate 7 in the 
reaction vessel 1, you may have one of rolling mechanisms. Moreover, under the reaction vessel 
1, it has the waste fluid tank 8. 

[0015] With a medical fluid introduction means according to claim 1, the introductory pipe and 
valve from the liquid tank 6 of drawing 1 are equivalent to this, and the quantity which can 
introduce at least one of a penetrant remover, an etching reagent, a developer, or the rinses is 
required. The eccrisis means of a medical fluid prepared in the reaction vessel contains an 
introductory pipe and a valve similarly. 

[0016] If a penetrant remover, an etching reagent, and a developer are introduced in the reaction 
vessel 1 to which the substrate 7 was set from the liquid tank 6, an internal liquid can perform 
smooth and uniform washing and development by rolling mechanisms 10a and 10b, without piling 
up in the aliquot. Although the size of a reaction vessel 1 is determined by the size of a 
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substrate 7, when applying to 100mm substrate, it has the bore of 200mm, and a height of 40mm 
- 50mm in general, and the axial rotational frequency of rolling mechanisms 10a and 10b is 
500rpm - 1000rpm. 

[0017] A super-criticality liquid is introduced from a chemical cylinder 3, discharging a rinse 14, 
after introducing a rinse 14 from the liquid tank 6 and performing rinse processing, and a super- 
criticality liquid replaces a rinse 14. A super-criticality liquid can be adjusted by heating the 
liquid 2 carbonic-acid carbon with which the chemical cylinder 3 was filled up at compression 
and a heater 5 by the compressor 4. On the other hand, even if it does not introduce the liquid 
beforehand held in this case at the super-critical state, you may make it the critical state into 
equipment. That is, after introducing a liquid carbon dioxide and replacing a rinse 14 enough for 
example, a carbon dioxide will be in the super-critical state by warming the inside of a reaction 
vessel 1 at 31.4 degrees C or more, and making an internal pressure into 70 atmospheric 
pressure. Then, if atmosphere is discharged gently, super-criticality dryness will be attained. 
[0018] <Gestalt 2 of operation> Drawing 2 is drawing showing the gestalt 2 of operation of the 
super-criticality dryer of this invention. The gestalt of this operation is equipment based on the 
above (2). The interior of a reaction vessel 1 and each part composition of those other than 
rocking mechanism 1 1 are proportionate to the gestalt 1 of operation, and the gestalt of this 
operation equipped the lower part of a reaction vessel 1 with the rocking mechanism 11, and has 
given about 50 - 60 rocking [/minute ] movement in the direction of arrow A-A in general to 
reaction-vessel 1 the very thing. The gestalt of this operation is suitable structure when there is 
a possibility that the sealant of a rotating part may be corroded by a penetrant remover and the 
developer. 

[001 9] <Gestalt 3 of operation> Drawing 3 is drawing showing the gestalt 3 of operation of the 
super-criticality dryer of this invention. The gestalt of this operation is equipment based on the 
above (3). The gestalt of this operation is effective structure when connection of the rolling 
mechanisms 10a and 10b shown in drawing 1 is difficult, has equipped the reaction vessel 1 with 
the ultrasonic vibrator 12, and agitates by moving the liquid which is piling up in the front face of 
a substrate 7 by 500Hz - 1MHz supersonic oscillation in general. 

[0020] The concrete example using the gestalt 3 of the gestalt 1 of the above-mentioned 
implementation - operation is shown below. 

<Example 1> The silicon substrate 7 in which the oxide-film pattern was formed is set in a 
reaction vessel 1, KOH solution is introduced, etching is constructed and rinsed to silicon, and a 
silicon pattern is formed. After introducing ethanol and replacing water in a reaction vessel 1 
furthermore, and it introduces a super-criticality carbon dioxide and super-criticality 2 carbonic- 
acid carbon replaces ethanol completely, a super-criticality carbon dioxide is made to discharge 
gently, and a substrate 7 is dried. Consequently, the pattern of the falling silicon of good 20nm 
width of face which is not can be obtained. 

[0021] <Example 2> A pattern is drawn using an electron beam lithography to positive form resist 
ZEP-520 (marketing) thin film formed on the silicon substrate 7. After this, a developer isoamyl 
acetate and rinse processing by 2-propanol are performed, introducing a substrate 7 in a 
reaction vessel 1, and agitating it. After it introduces a super-criticality carbon dioxide and a 
super-criticality carbon dioxide replaces 2-propanol completely, a super-criticality carbon 
dioxide is made to discharge gently, and a substrate 7 is dried. Consequently, the falling resist 
pattern of 30nm width of face which is not can be formed. 
[0022] 

[Effect of the Invention] While good washing, etching, and development are attained by using the 
super-criticality dryer made to connect a churning reaction vessel with a super-criticality liquid 
feeder by operation of this invention, dryness without the failure by the pattern can be 
performed. A detailed pattern with the good result can be formed, as a result a detail and a high 
accumulation device can be obtained. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the super-criticality dryer of the gestalt 1 of operation of this 
invention. 

[Drawing 2 ] It is drawing showing the super-criticality dryer of the gestalt 2 of operation of this 
invention. 

[Drawing 3] It is drawing showing the super-criticality dryer of the gestalt 3 of operation of this 
invention. 

[Drawing 4 ] It is the ** type view in which a semiconductor patterns falling on and showing a 
phenomenon. 

[Drawing 5] It is the ** type view showing the principle of drawing 4 . 
[Description of Notations] 

1 — Reaction vessel 

2 — Super-criticality liquid feeder 

3 — Chemical cylinder 

4 — Compressor 

5 — Heater 

6 — Liquid tank 

7 — Substrate 

8 — Waste fluid tank 

9 — Super-criticality liquid exhaust port 
10a, 10b — Rolling mechanism 

11 — Rocking mechanism 

12 — Vibrator 

13 — Pattern 

14 — Rinse 

15 — Air 

16 — Bending force 
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